This 12-month retrospective study compared pain relief, quality of life (QoL), treatment cost-effectiveness and complication rates in patients with acute osteoporotic vertebral compression fracture (OVCF) undergoing percutaneous vertebroplasty (PVP; n = 58), percutaneous kyphoplasty (PKP; n = 55), or conservative medical therapy (CMT; n = 55). After surgery, Cobb angle and vertebral height were significantly improved in the PKP group. PVP and PKP patients had significantly less pain immediately after surgery than CMT patients, but this difference disappeared between weeks 2 − 8, only to return from months 6 − 12. QoL was significantly better among the surgical groups after surgery and was lower in the CMT group than in the surgical groups. Treatment times were shorter with PVP and PKP, but costs were lower with CMT. The rate of secondary fractures during follow-up was greater with CMT. Overall, PVP was considered the first choice treatment for OVCF with refractory pain.
Introduction
Osteoporosis is an increasingly prevalent disease among the ageing population worldwide. 1 It is estimated that, globally, approximately 200 million people have osteoporosis. 2 Compression vertebral fractures are usually caused by osteoporosis and, as the population continues to age, the incidence of osteoporotic vertebral compression fracture (OVCF) is forecast to increase four-fold during the next 50 years. 3 Non-surgical treatment of OVCF includes the use of analgesics, initial bed rest, initiation of osteoporosis medication, bracing and physical therapy. 4 Percutaneous vertebroplasty (PVP) and percutaneous kyphoplasty (PKP) have been developed to reduce fracture-related pain, and have been shown to be effective in the short term. 4,5 − 11 PVP involves the injection of polymethylmethacrylate to strengthen a vertebra, 11 and numerous reports have demonstrated statistically significant pain relief and the restoration of activities of daily living following the procedure. 4 ,6,7 PVP does not, however, expand the collapsed vertebral H Tang, J Zhao, C Hao Management of osteoporotic vertebral compression fractures body and, depending on its position, may or may not address the spinal deformity. PKP, an extension of PVP, uses an inflatable bone tamp to restore the vertebral body to its original height while creating a cavity to be filled with bone cement. 11 Studies have shown good clinical results with PKP, 9,12 − 14 with a lower risk of cement extravasation than with PVP. 11 PKP addresses both fracturerelated pain and the associated spinal deformity, 10, 11 whereas PVP is a quicker and less expensive procedure. 15 The purpose of the present study was to assess the efficiency and cost-effectiveness of PVP and PKP, and to compare these procedures with conservative medical therapy (CMT) in patients with OVCF.
Patients and methods

PATIENT POPULATION
This was a retrospective study of patients with OVCF who had been treated at the Department of Orthopaedics, Beijing Friendship Hospital Affiliated to Capital Medical University, Beijing, China, between March 2005 and December 2008. All patients who presented with an osteoporotic fracture of a single or multiple vertebrae, which had occurred ≤ 3 months earlier, who were positive for bone marrow oedema but had no spinal cord involvement, were eligible for inclusion in the study. Diagnosis was made by spinal radiography, the vertebral fracture was evaluated by magnetic resonance imaging (MRI) and the extent of osteoporosis was assessed by bone densitometry.
A number of patients with severe pain refused surgical treatment because of family, economic, social or personal reasons, such as fear of surgery. These patients received conservative medical therapy (CMT). Other patients accepted minimally invasive surgical treatment and were treated with either PVP or PKP according to their choice. The decision to operate was based on the satisfaction of three criteria: pain had not been relieved with conservative treatment; the fracture site had abnormal signal changes with MRI scanning; clinical pain symptoms were consistent with the fracture site. An additional inclusion criterion was that there were no contraindications for the procedure such as posterior wall defect, spinal cord or nerve root injury, or bone metastases.
The study had patients' verbal informed consent and Beijing Friendship Hospital Affiliated to Capital Medical University Ethical Review Committee approval.
CONSERVATIVE MEDICAL THERAPY
Patients who refused PVP or PKP received systematic bed rest, back brace treatment and analgesic drug therapy for 1 − 2 weeks (diclofenac 50 mg, orally, twice daily or oxycodone 10 mg, orally, daily). Antiosteoporosis therapy -including elcatonin 20 IU injected intramuscularly (i.m.), weekly (Asahi Kasei Pharma, Tokyo, Japan), calcium carbonate 600 mg, orally, daily, and calcitrol 0.25 µg, orally, dailywas given to participants in the CMT group in an outpatient clinic setting for 12 months. After 6 months' treatment, elcatonin treatment was paused for 1 month and resumed for the remaining 5 months. During the 12 months of treatment, participants also received physical therapy, therapy to restore posture, electrotherapy and magnetic therapy at outpatient clinics.
PVP AND PKP
Participants who agreed to treatment with either PVP or PKP continued with preexisting drug therapy (diclofenac, 50 mg twice daily, orally or oxycodone, 15 mg daily, orally) for 1 -2 weeks. Patients received general anaesthesia and were positioned in a prone position. The surgeon adjusted the H Tang, J Zhao, C Hao Management of osteoporotic vertebral compression fractures operating table to hyperextend the body and inserted minimally invasive apparatus via a transpedicular approach to the anterior horn of the compressed vertebral body, using Mobile C-arms™ imaging guidance (Philips Healthcare, Best, The Netherlands). Polymethylmethacrylate was then filled directly into the vertebra of the PVP group.
For patients opting for the PKP procedure, an inflatable bone tamp was used to expand the collapsed vertebra, then bone cement was filled into the gap as described previously. 16 All patients lay on their back for 6 h after surgery before being turned over. From 24 h after surgery, patients could move freely with the aid of a plastic waist protector. Patients in both surgical groups received elcatonin 20 IU i.m. injections, weekly, calcium carbonate 600 mg/day, orally and calcitrol 0.25 µg/day, orally, for 12 months.
OUTCOME MEASURES
A visual analogue scale (VAS) was used to record the degree of pain felt by all patients during the pretreatment and follow-up periods (after 1 day, 1 week, 4 weeks, 8 weeks, 6 months and 1 year). Patients rated their daily pain scores using a VAS scale from 1 to 10, where 1 was 'very mild pain' and 10 was 'unbearable'.
The short-form 12-item health survey (SF-12) 17 was used to assess patients' opinions of their health and quality of life (QoL). Opinions were recorded pretreatment and during the follow-up period (after 1 week, 4 weeks, 6 months and 1 year).
The vertebra height and Cobb angle were checked regularly (at 1 day, 8 weeks, 6 months, 12 months) during the follow-up period using a lateral-position X-ray of the spinal column. Cobb angle and vertebral height of the anterior and middle border were measured using the lateral-position Xray method with Image Tool software, version 3.0, developed by the University of Texas Health Science Center at San Antonio (San Antonio, TX, USA). The Cobb angle evaluates the curve in scoliosis on a lateral position X-ray projection of the spine. A line is drawn along the superior end plate of the superior end vertebra and a second line is drawn along the inferior end plate of the inferior end vertebra. If the end plates are difficult to locate, a line may be drawn through the pedicles. The angle between these two lines (or lines drawn perpendicular to them) is measured as the Cobb angle.
Bone mineral density was measured using dual energy X-ray absorptiometry (Hologic, Bedford, MA, USA) at baseline and after 12 months' follow-up.
STATISTICAL ANALYSES
Statistical analyses were carried out using the SPSS ® statistical package, version 11.0 (SPSS Inc., Chicago, IL, USA) for Windows ® .
Analysis of variance and paired-sample ttests were used to compare PKP with PVP or CMT. A P-value < 0.05 was considered to be statistically significant.
Results
PATIENTS
In total, 168 OVCF cases were studied: 55 patients refused surgical treatment and received CMT; 58 patients chose PVP treatment and 55 chose PKP treatment. Details of patients' ages, number of damaged vertebrae and durations of disease are shown in Table 1 .
CMT GROUP
During the 12-month follow-up period, no drug-related complications were observed in the 55 patients opting for CMT.
Complications after bed rest were reported in 17 patients (30.9%): five had pulmonary infections, one had a deep venous thrombosis, seven had secondary vertebral H Tang, J Zhao, C Hao Management of osteoporotic vertebral compression fractures compression fractures, and four had urinary tract infections. All patients stopped using pain relief after 4 weeks. Some patients began to experience pain again 6 months after treatment, to such a degree that it compromised their QoL.
PVP AND PKP
A total of 113 patients accepted surgical treatment, 58 patients underwent PVP and 55 underwent PKP. Technical success was obtained in all patients, with no major complications. In 14 (12.4%) patients (10 PVP and four PKP), mild asymptomatic leakage of polymethylmethacrylate cement was observed, which required no additional therapy. All patients had complete pain relief immediately after surgery and moved freely with waist support 24 h postsurgery. During the 12-month follow-up period, QoL improved for all patients. X-rays showed vertebral height and Cobb angle improvements with PKP treatment. No patient had a second vertebral fracture or any drug complications during the 12-month follow-up period.
PAIN SCORES
Mean VAS pain scores were significantly lower in the PVP and PKP groups compared with the CMT group 1 week after surgery (P < 0.05), but at 2 weeks post-treatment initiation or surgery there was no significant difference between mean VAS pain scores in the surgical and non-surgical groups. Mean VAS pain scores for the PVP and PKP groups were stable during the 12 months' follow-up, but rebounded in the CMT group and were significantly higher at 6 and 12 months postsurgery, compared with scores seen in the PVP and PKP groups (P < 0.05, Table 2 ).
QUALITY OF LIFE
Patient QoL was similar across the three treatment groups before treatment was started. For patients in the PVP and PKP groups, mean QoL scores increased significantly (P < 0.05) from the time before surgery to all recorded time points postsurgery. There were no significant differences in mean QoL scores between the PVP and PKP groups, either pre-or post-treatment. Although the CMT group showed significantly lower mean QoL scores after treatment compared with the PVP and PKP groups (P < 0.05), these patients still had greater mean QoL scores after treatment than before treatment (Table 3) . CMT, conservative management -included systematic bed rest, back brace treatment, analgesic drug therapy for 1 − 2 weeks and antiosteoporosis therapy for 12 months; PVP, percutaneous vertebroplastyinvolved injection of bone cement into the vertebra through percutaneous puncture to stabilize the vertebrae; PKP, percutaneous kyphoplasty -involved an inflatable bone tamp to expand collapsed vertebra, then bone cement was injected percutaneously to fill the gap. H Tang, J Zhao, C Hao Management of osteoporotic vertebral compression fractures between-group differences in mean vertebral height and Cobb angle. After treatment, patients in the PKP group, but not the PVP group, had a significant difference in mean vertebral height (anterior and middle area of vertebral body; P < 0.05) and Cobb angle (P < 0.05) compared with their pretreatment values ( Table 4 ). The differences in mean anterior and middle vertebral height and Cobb angles between the PKP group and the PVP group after surgery were also significant (P < 0.01).
VERTEBRAL HEIGHT AND COBB ANGLE
BONE DENSITY
The hip bone mineral density of the 55 patients in the CMT group was 0.667 − 0.712 g/cm 2 before treatment (mean ± SD value 0.692 ± 0.102 g/cm 2 ). Bone density had not improved significantly in these patients after 12 months' treatment with elcatonin, calcitriol and calcium, nor had it changed significantly in the PVP and PKP groups (who also received 12 months' treatment with elcatonin, calcitriol and calcium carbonate [ Table 5 ]).
TREATMENT TIME AND COSTS
Together, the PVP and PKP groups had a shorter time confined to bed, fewer days requiring pain relief, an earlier exercise recovery rate and a lower complication rate (P < 0.01) compared with the CMT group ( Table 6 ). The mean cost of treatment was lowest in the CMT group (Table 6 ), but the CMT group experienced more complications than the other groups, including five cases of pulmonary infection, one case of deep venous thrombosis, seven cases of further vertebral compression fractures and four cases of urinary tract infection. Overall, comparing pain relief, QoL scales, complication rates and treatment costs, treatment with PVP was the better choice. CMT, conservative management -included systematic bed rest, back brace treatment, analgesic drug therapy for 1 − 2 weeks and antiosteoporosis therapy for 12 months; PVP, percutaneous vertebroplasty -involved the injection of bone cement into the vertebra through percutaneous puncture to stabilize the vertebrae; PKP, percutaneous kyphoplasty -involved an inflatable bone tamp to expand the collapsed vertebra, then bone cement was injected percutaneously to fill the gap. 
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Osteoporotic vertebral compression fracture is a common complication of osteoporosis. Once a vertebral fracture occurs, the patient has a five-fold increased risk of new fractures in the adjacent vertebral bodies. 18 At least 30% of patients need hospitalization due to ineffective conservative treatments such as bed rest, pain control and back-braces. 19 Traditional spinal surgery is difficult to justify, owing to the large wound site and potentially high rate of complications.
In Europe, vertebral fractures are responsible for 8% of the hospital costs of all osteoporotic fractures: the mean hospital cost of a vertebral fracture treated by CMT is approximately 63% of the mean hospital cost of a femoral fracture. 20 Costs and costeffectiveness of treatments need to be constantly reviewed and updated.
It has been shown that PVP and PKP can effectively stabilize the spine, reduce pain and significantly improve patient QoL, 21 − 25 which was also demonstrated in the present study. The first-choice treatment for patients with severe pain, especially the elderly, should be PVP and PKP. PKP is superior to PVP in the long-term because it can improve both the height of the vertebrae and the Cobb angle. PVP injects hypoviscous bone cement into the vertebrae through percutaneous puncture to stabilize the vertebrae, thereby relieving pain rather than correcting spinal deformities. 26 PKP has further advantages in that it corrects the spinal deformity; it can also recover the vertebral anterior horn, stellar height and correct kyphosis, thereby repairing the normal spinal force line with the bone tamp bracing the compressed vertebrae. Garfin et al. 27 showed that about 67% of vertebrae recovered totally or partially in 340 cases, including 603 OVCFs with PKP. Rhyne et al. 14 reported that kyphosis correction averaged 14% with PKP, as measured by the change of vertebral height on perioperative lateral projection: the anterior vertebral height recovered by 4.6 mm and the middle vertebral height recovered by 3.9 mm. Overall, PKP provided effective pain relief, Data presented as mean ± SD. a P < 0.05 compared with before treatment; analysis of variance. b P < 0.05 compared with PVP or PKP; analysis of variance. CMT, conservative management -included systematic bed rest, back brace treatment, analgesic drug therapy for 1 − 2 weeks and antiosteoporosis therapy for 12 months; PVP, percutaneous vertebroplasty -involved the injection of bone cement into the vertebra through percutaneous puncture to stabilize the vertebrae; PKP, percutaneous kyphoplasty -involved an inflatable bone tamp, which expands the collapsed vertebra, then bone cement was injected percutaneously to fill the gap. 14 The present study demonstrated similar results.
Several meta-analyses have demonstrated that there are no significant differences between PKP and PVP with regard to pain relief and improved QoL. 24, 28 The major complications were cement leakage in the vertebral canal and intervertebral foramen, but not root injury or lung venous thrombosis.
The main long-term complication of PVP is OVCF of proximal vertebrae, which has a 10 − 25% incidence rate. 29, 30 PKP has similar reported complications, but the incidence rate is lower than with PVP because the cement is injected at lower pressure to a contained space in the vertebral body. PKP, therefore, has a better safety profile, partially restores vertebral body height and provides some deformity correction compared with PVP. 22,25,31 − 33 There were no OVCFs of proximal vertebrae in either the PKP or the PVP group in the present study, but seven cases of secondary fracture occurred in the CMT group, suggesting a better clinical effect with surgery compared with CMT.
The bone resorption-inhibiting drug calcitonin was used in the present study to restrain the fast loss of bone due to long-term bed-rest following fracture, when osteoclast cells are active and bone resorption is greater than bone formation. 34 Calcitonin was also used for pain relief. Elcatonin has been used for many years to treat osteoporosis and osteoporotic fractures as it provides excellent pain relief, suppresses the activity of osteoclasts and increases bone density. 35 − 37 There are, however, some disadvantages of using elcatonin in clinical applications. Longterm usage may lead to escape phenomenon 34 H Tang, J Zhao, C Hao Management of osteoporotic vertebral compression fractures morphology, thereby losing its role in bone resorption. Calcitonin does not relieve pain immediately, so another analgesic may be needed in the acute phase following fracture. The combination of elcatonin and calcitrol should provide pain relief, as demonstrated in the present study. The CMT approach to OVCF was found to be inferior to PVP and PKP in terms of pain relief, QoL scales, bone mineral density, complication rate and second fracture incidence in the present study.
There were some limitations to the present study: it was conducted at a single centre and patient enrolment was not randomized. Future studies, with larger patient numbers and randomized patient enrolment and group allocation, are necessary.
The increasing number of patients who present with osteoporotic fractures highlights the importance of economical therapies, and more attention is being paid to the costeffectiveness ratio when the disease is No statistically significant differences (P > 0.05) after 12 months compared with before treatment; pairedsample t-tests. CMT, conservative management -included systematic bed rest, back brace treatment, analgesic drug therapy for 1 − 2 weeks and antiosteoporosis therapy for 12 months; PVP, percutaneous vertebroplastyinvolved the injection of bone cement into the vertebra through percutaneous puncture to stabilize the vertebrae; PKP, percutaneous kyphoplasty -involved an inflatable bone tamp to expand the collapsed vertebra and then bone cement was injected percutaneously to fill the gap. 7208.4 ± 1647.3 Statistical P < 0.01 P < 0.01 P < 0.01 P < 0.01 significance a Data presented as mean ± SD. a CMT group compared with PVP and with PKP; analysis of variance. CMT, conservative management -included systematic bed rest, back brace treatment, analgesic drug therapy for 1 − 2 weeks and antiosteoporosis therapy for 12 months; PVP, percutaneous vertebroplastyinvolved the injection of bone cement into the vertebra through percutaneous puncture to stabilize the vertebrae; PKP, percutaneous kyphoplasty -involved an inflatable bone tamp to expand the collapsed vertebra, then bone cement was injected percutaneously to fill the gap. 
